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Oxidation  of  I^aniuu  Dloxidft 

hy 

V,  G,  Vlasov  and  A,  F,.  Bessonov 


craniui-i  dioxide  an  important  role  in  the  :ecIiiiolo^  of  cbtaininn  metal¬ 

lic  uraoiun^  and  is  al?o  used  in  rolep  of  nuclear  fuel  [1-37.  In  reactors  it  functions 
in  oxid is in(;:»r educing  c venditions,  and  that  is  vtjy  the  study  of  the  cxldotion  process 
of  uraniuLi  dioxide  is  of  ^r^^uter  practice!  inportence.  On  the  other  ha 23d  the  reactions 
of  UO2  oxidation  represent  extreiitely  interesting  exa*^ples  for  studying  the  kinetics 

m 

ond  Jiiechaniar.  cf  processes  in  solid  state# 

The  existing  viewpoints  vd  th  respect  to  the:  n^echanlso  of  uraniun  dioxide  oxidation 
at  a  temperature  of  -ver  80®  and  the  phase  conversions  taking  place  thereat  can  be 
proxiiiiately  divided  into  four  ^cups: 

Rrio  srjd  co-wcrkers  and  a  number  of  other  investigators^-*^  assure#  that  in 
the  process  of  oxidation  ic  rapidly  fonaed  a  new  phase,  through  which  diffusion  of 
i2otal  caticas  does  teke  place,  diffusion  of  cations  travelling  to  the  surface,  Ihe 
phase  conversion  scheiae  as  suited  by  them  has  the  fom  of  b'O^  ^3^* 

;jider3on  and  coweskers  ts-103  assume  the  following  scheme  of  phase  conversions 
^  b02+2c*^/Sb0^ — Aronson,  Roof  and  Belle^lJ  evaluating  the  niechanism 
of  dioxide  ooddatioa  asaiiae  the  schema  UO2 — — ^^^3#  Blackburn 
and  covorkers  (jj)  assume  that  during  the  oxidation  of  uraniozu  dioxide  on  the  surface 
is  L.imediatcly  forznad  a  tetragonal  phase  Ibe  process  is  limited  by  oxicgen 

diffusion  through  that  phase,  Ihey  give  the  following  scheme  of  phase  conversiona 


q  UO2 ‘--4  O7  ^  U2O3, 

In  this  way  there  is  no  harmony  in  the  views  pertaining  to  tbs  mechanism  of  the 


oxidetion  of  uraolun  dioxide  and  the  scheme  of  phase  conversiens*  In  this  connootioa 
It  is  necessary  to  further  accu::iulate  experinaental  data* 

It  is  known  that^  as  a  rule,  the  addition  of  alkali  inetal  carbonates  acee/er* 

rates  the  processes  of  reduci.!/:  with  hydrogen, carbon  monoxide  and  solid  carbon* 
Informations  on  the  effect  of  carbonates  and  foreign  oxides  on  the  rate  of  oxida* 
ticn  of  lower  ojride  into  higher, have  not  teen  discovered  in  literature.  The  knowled^ 
of  the  necbanlsa  of  effect  of  snail  additions  is  of  absolute  practical  aiid  theoret* 
ical  inportance. 

In  this  report  ere  given  results  of  kinetic  oxidation  of  uranium  dioxide  in  various 
gaseous  media,  Sinultaneouol^"  was  irvostigated  tho  effect  of  admixtures  of  alkali 
inetal  carbonates  end  Th029  ZrO^  and  Ti02  oxides  on  the  kinetic  : 
characteristics  of  UO2  o'/ddation  process* 

The  proierties  of  powderous  uranium  dioxide  depend  to  a  large  extent  upon  the 
methods  of  its  obtainmmt  hiq.  In  our  experimffxt  was  investigated  inactive  uranitun 
dioxide,  stable  to  air  at  room  temperature.  It  was  prepared  by  reducing  uranoao«Hiranie 
oxide  with  hydrogen  (at  a  pressure  of  8OO  mm  Ilg)  at  600®  for  a  period  of  ten  hours* 

After  storing  in  open  air  at  room  temperature  the  ca.iposition  of  the  dioxide 
was  Accuracy  of  determining  0:11  ratio  was  0,01, 

The  investigation  tas  made  in  a  high  vacuum  installation  (fig*l)  having  an  arrange** 
meat  for  continuous  control  of  change  in  weight  of  the  batch*  The  installation  al* 
lowed  to  create  in  the  reaction  space  in  any  sequence  a  vacuum, oxidizing  and  reducing 
medium* 

Additions  of  bicarbonates  or  oxides  of  foreign  metals  in  the  amount  of  6%  of 

'oraniiua  dioxide  weight  were  pulverized  in  an  agate  mortar  and  thoroughly  mixed  with 

UQ^,  The  crucible  with  uraniuiii  dioxide  batch  3^0  mg,  specific  siirface  of  powder 

2,7  ii?/g)  or  a  mixture  of  same  with  the  addition  was  placed  in  the  reaction  tube  and 

frem  tho  system  was  vacated  the  air  at  rocm  temperature  to  10*^  mm  Hg*  The  batch  wee 
then  dries  at  120^  until  the  change  in  weight  was  stopped  and  a  residual  pressure 
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After  this  the  oren  vas  taken  out  from  the  reaction  tube  »  heated  to  glTen  tepperature 
and  again  moved  into  the  tube*  Tbxaperature  vus  controlled  with  an  accuroegr  of  1  2\ 

Vlien  in  the  reaction  space  vas  established  a  given  tempered  urot  into  the  oven  vas  sup^ 
]^d  the  gas-oxldizer  at  a  certain  definite  pressure  and  the  reading  of  veig^t  indica* 
tion  time  began*  Pressure  in  tho  reaction  space  vas  kept  constant  with  an  aceuracy 
of  •  0*5  ™  Hg*  The  actual  rate  of  the  process  vas  determined  flppaphically  by  the  tan* 
gent  of  the  angle  of  inclination  of  the  tangent  and  dependence  curve  of  the  decree  of 
oxidation  upon  time*  The  apparent  ener£;y  of  activation  vas  calculated  by  the  Arrhenius 
equation*  X^ray  structural  analysis  cf  intermediate  and  finite  products  of  oxidation 
vas  made  by  the  Debye  ••Sherer  znethod* 

The  effect  of  tenperature  on  the  kinetics  of  uranium  dioxide  ooddatioii  vith.  air 
(pF20C  mm  Hg)  uith  oxioizer-gas  circulatioil  in  the  reaction  space*  vns  investigated 
in  the  range  of  from  163  to  800^*  At  I65-26O®  uranium  dioocide  oxidized  into  TO2^36io,05e 
ax^  at  270*800^  into  (l]^0g)*  Tcinperatures  of  26o  and  800^  are  characteristio 

by  the  fact  that  after  the  attaizcient  of  indicated  decrees  of  oxidation  further  gride* 
tion  has  not  taken  place*  in  spite  of  the  fact  that  the  exporioent  eentinued  forjuiotber 
10  hre*  The  results  of  investigations  are  shown  in  fig*2*  In  the  range  of  from  1^ 
to  200®  the  initial  period  of  oxidation  is  quite  veil  described  by  equation 

=  ktx,  / 

where  -  gain  in  weight  of  batch;  ^  tiias  from  beginning  of  expsrimait;  Iq^-oonstant* 
Starting  with  a  certain  moment  of  timaT^Q  the  process  is  subjected  to  perabolie 
tine  lav  _  ^ 

!  •=  +  V',  ^ 

where  -  gain  in  weight  of  hatch  to  the  monant  of  tioo  Ic^-coostaat* 

At  270-390^  on  the  curves  in  the  coordinates  the  degree;  of  oxldatioo-tisia 
exist  horizontal  sections  at  OtU  ^  2,36  i  0«05«  On  the  rate/de^ee  of  coddatlon  depea. 
dsnee  ourves  are  observed  several  mlniirunst  the  first  one  at  second  “86Xt  third 
-  37X,  Tinally.  approximately  at  37%  of  oxidation  the  curves  hai«  wohlQ^ 

Fro-?Iv-f3-102/l-*2  4 


i 


Infleotions. 

The  depaMoxxee  of  the  rate  of  the  process  upon  oir  pressure  was  InTostigatefl  at 
340*  (flg*3)*  In  the  interval  of  sunnary  ooQpositiohs  of  solid  phases  ^J02,04'''^»36i  0,05 
at  an  air  pressure  of  2,5-100  nm  Hg,  is  valid  egtiatioa. 

••  ;3- 

In  this  zone  of  s^lid  phase  eonposltions  ,  ^t  pressures  of  IOO-60O  an  lig  the  rate 
of  oxidation  r  »  82*^^ 

At  a  more  coipleto  oocidation  the  rate/pressure  dependence  is  observed  only  at 
values  of  the  latteJof  less  than  30  sn  Hg, 


See  Attach  pa-^e  5®  for  Figure  2 


Fig,2,Cxidation  isotherias  of  uranium  dioxide  with  ozygenCatnospherio) 
At  constant  air  pressxire  of  200  mn  Bg), 

The  values  of  apparent  energy  of  aotivation  at  various  donees  of  oxidation  uerei 

Decree  of  Oxidation,J{  28  37  52  54  74  88  90 

Activation  energy  34#^  27*8  43#8  27t8  34*6  45»6  39»4 

heaiy>nol 

Ihe  experiiaentally  fomid  uraniun  dioxide  density  was  found  to.be  equal  to 
10,8  g/cB?,  and  of  the  lower  and  higher  oxides,  obtained  as  restilt  of  axidatioil  •• 

8,37  g/cB^,  Die  volume  of  lower  and  hij^er  oxide  in  the  eivielble  was  1,3  ti»ea  gpreat* 


F'n>-TT-6:-lC2/lv2 


5 


er  than  the  imliaae  of  the  initiifl.  dioxide# 


2-  • 


Ihe  kinetics  of  UO^  oxidation  vith  oogr- 
gen  vas  investigated  at  a  range  of  frcm 
125  to  330^  at  Pog^lOO  mm  Hg^Hesults  are 
given  in  fig#iu  123«I43^  oxidation  goes 
into  -rfhore  x<^  0*25#  In  the  range 

from  130''to  200®  is  observed  a  sudden  oxi¬ 
dation  into  ^(>2^60  after  vhich  the 

reaction  is  practically  off#  At  200«260^ 

Fig*3#Dependonce  of  rate  of  cnddation  of 

there  is  also  a  sudden  occurrence  of  the  ^tranium  dioxide  upon  the  concentration  of 

atmospheric  oxygen  at  3^0®#  I'lasbers  on  cur- 
process  v;ith  the  formation  of  fur-  ves  desi^^iate  percentage  of  oxidation# 

ther  ad  da ti on  takes  place  at  very  low  rate  •  la  the  range  from  260-30O®  the  oxida¬ 
tion  into  rapid  (at  3^0®  it  is  off  within  one  minute)#  Oxidation  of  uranium 

dioxide,  preoxidized  by  is  also  sudden, but  the  value  of  the  jur^  is  acraawhat 

lower# 


Fig#4«^Pondezice  of  the  de(^ee  of  ura* 
nium  dioxide  occldation  upon  the  duration 
of  the  experim^t  at  various  tenperatiirea 
(Oxygen  pressure  100  on  H^# 


The  effect  of  alkali  metal  carbotiate  ad* 
mixtures  on  the  kinetic  charactcristica 
of  uranium  dioxide  oxidation  by  air  was 
investigated  at  lS5-330^«  air  pressure  in 
all  experiments  vas  1^00  sm  Results  are 
given  in  fig#5#  At  I85®  the  addition  of 
I^CO^  reduces  sonevhat  the  rate  of  the  pro* 
cess,  the  nature  of  the  kinetic  curve  re  * 
mains  unchanged,  just  as  without  the  addiitW 
At  330^  additions  of  carbonates  eon  - 
siderably  accelerate  osddat ion  after  attaining 


in  solid  phases  a  ratio  of  OsU  »  2,36  -  0#05#  Simultaneously  there  is  a  change  In  the 
nature  of  degree  of  oxidatieis/time  dependence!  the  horizontal  seeticn  disappears^ 
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the  soetion  which  occurs  during  oxidation  withcxit  addition.  The  occelerating  effect 
of  carbonate  additions  rise  in  the  series  «^a2C0^9 

In  addition  the  following  exi^eriraents  were  made.  Pure  uranium  dioxide  and  dioxide 
with  an  adidjcture  of  potassium  carbonate  was  first  annealed  in  vacuo  (10*^  r.cx  Hg)  at  900® 
for  a  period  of  two  hours.  Oxidation  followed- at  33^^^  tlds  case  introduction  of 
potassium  carbonate  slews  down  the  process# 

Invebtigated  was  also  oxidation  of  uranium  dioxide  in  presehee  of  ti to nliza* zir¬ 
conium  and  thorium  dioxide  adndxtuxes# 

At  first  urai-ium  dia.ide  with  and  v/ithout  admixtures  oxidized  at  33^  (fiC#6)# 

The  rate  of  the  process  in  ^.rcsence  of  adnixture  rises  considerably  frcci  the  moment 
when  further  oc:idation  of  the  O.O5  P^^ese  begins;  the  riccelerating  effect  rises 

in  the  following  rciucncei  1h02,  In  the  presence  of  rxQs  additions 

there  is  a  sharp  reduction  in  horizontal  section  of  the  de^ee  of  oxidation  curve#  When 
is  added  this  section  disappears  ccn;pletoly#and  oxidation  is  comowhat  accelera- 
ted  even  at  OiU  ratiou  in  solid  phases  of  less  than  2^3^  -  0#005# 


In  scbseqiie >.t  experiznaits  with  uranium  dioodde  with  and  without  admixtures  the 
sample  was  first  calcined  (azmaaled)  in  vacuo  (10*^  m  ^s)  at  900®  for  a  period  of 
two  hours#  Obddatioa  was  also  carried  oat  at  33^^m  ease  the  addition  of  Th<^ 
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slows  down  the  process  of  UO2  OKidation  into  ^,3610.05  aceolorates  further  cxxl- 
dation*  Addition  of  Ti02  reduces  somowbat  the  rate  of  the  process  during  transforoa> 
tions  froBS  1302^36t0,05  ^02,67* 


Data  of  kinetic  Investigations, supplemented  with  results  of  x-ray  structural  ana'" 
lysis,  allow  to  suggest  the  follcwing  scheme  of  p^se  conversions  for  the  range  of 

260-390®! 

04 -» ^02,25 ^°2,36±0,05 ^°2.6-a„».^ — *■^,67 


which  is  found  to  ho  in  perfect  a^eeiaent  with  the  sequency  principle  of  chemical 
conversiona  as  stated  by  A.A.Baykov^*^# 

In  the  first  sta^^e  of  oxidation  the  enrichment  of  solid  phase  with  oxygaa,  takes 
place  without  phase  conversions*  the  process  develops  in  the  presence  of  one  condeir— ^ 
sed  phase*  the  ccaposition  of  which  changes  continuously  from  to  UC^  ^ 

(value  depends  upon  temperature)*  Further  reaction  with  oocygen  leads  to  origi¬ 
nation  of  new  phase  conversion  is  realized  in  the  presence  of  two  eon* 

densed  constant  composition  phases*  Frcca  the  view  point  of  structural  changoa  on  tiicso 
stages  takes  place  the  introduction  of  oxygezL  into  the  eubieal  latticft  of 


FTD.?T-63-102/1-*2 
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diooddo  (order lees  in  first  stags  and  ordered  in  second)  third  stage  of 

oxidation  is  connected  vith  the  conversion  of  UC^  25  oxide  into  ^^,36io»005* 

It  is  evident  from  the  above  nsentionod  kinetic  curves  (sea  fig«2|596)tthat  there 
is  a  whole  series  cf  tetTagonal  ph;.ses  (XJ02^32t  ^02^37®  ^02,41)  which  is  in  confor- 
taity  with  data  of  other  investlgatorsISf  11,  12,  21  and  The  slight  bent  at  a 
degree  of  oxidation  ^ 37^  is  explained,  apparently,  by  the  fact,  that  the  tetragonal 
phase  originates  by  adding  oxygen  atesns  into  the  1102^25  structure  with  ccoaai* 

derable  crystallostructiiral  changes. 

The  direct  prciorticnality  of  the  rate  of  the  process  to  pressure  (v^aj^p)  at 
P  =  2,5  •  100  m  Hg  points  toward  the  xhiudsen  nechanisa  of  o:^gen  transfer  in  chan* 
nels  of  very  sncll  cross  section.  The  appearance  at  pressures  of  over  100  m  Hg  of  a 
dependence  v  =  ^2l[^  a.pareatl;-  can  be  explained  by  the  fact,  that  the  aygen  uiole- 
cule  during  ccuvcrsion  into  condensed  phase  dissociates  into  atanLs|23,2iQ, 

The  plycical  picture  of  the  following  stages  of  oxidation  can  bo  given  within 

frames  of  new  phase  nuclei  formation  px’ocesses  and  in  processes  of  their  further  ^owth. 

Horizontal  section  on  curves  fig,2,  5  6  correspond  to  the  induction  period,  the 

drog^ 

duration  of  which  rises  with/  in  temperature  and  pressure.  The  H02^6ix 

ming  in  the  process  of  oxidation  has  Icwer  density,  that  is  why  its  vbliuae  in  conpa* 

rison  with  the  volume  of  tbs  initial  dioxide  increases  and  it  has  greater  porosity 

and  better  gas  permeability  which  facilitates  th^ellvery  of  oxygen  to  the  place  of 

reaction. 

In  the  range  of  from  I65  tc  2(0^  the  piocess  of  oxidation  corresponds  to  three 
first  stages  of  the  above  described  scheme  ,  whereby  the  phase  ratios  are  here  less 
clearly  expressed,  Abeve  4^0^  tetragonal  phases  become  dispropesrtioned  into 
ax)d  and  consequently  the  process  of  uranium  dioxide  oxidation  in 

the  zone  of  frem  4^0*800^  can  be  represented  by  the  following  soheme 

^,04'-^  ^+3trjax'~^  ^,25— ♦  »  ^^.67  • 

X-ray  structural  amlysis  data^6^  oT  xtiroduets  of  Tarious  OKidation  stages 

FT"*-'?:'.  9 


are  in  eonforuity  vith  the  foropoaed  phase  eoorersiozia  aebeoiea# 

It  WHS  mentioned  above  that  oxidation  of  UO2  in  an  oxygen  ata&osphere  in  the  ronge 

of  from  xy^OO^  transfonaa  into  Ihe  therxael  effect  of  the  reaction  3^92^  ^ 

3  u^Og  Qq]ual8  84  kcal/nol  For  the  purpose  of  coopariaon  It  can  he  shoML  that 

the  thonsal  effect  of  reaction  cf  carbon  ooribustion  into  CO2  e^piala  94  kcal/mol 

Because  of  the  liberation  of  a  considereble  ejaount  of  heat  during  the  oocidation  of 

uraniun  dioxide  into  there  are  local  overheatings  in  solid  phacest  which  causes 

a  sharp  rise  in  the  rate  of  the  process  in  these  points^  Thanhs*  to  this  several  si* 

nultanocus  phase  conversions  are  ■  osslble*  iHien  in  the  center  of  the  particle  develops 

and/ 

only  the  firrrt  stage  of  oxidationtotal  oeddation  nay  be  concluded  on  the  sxirfaciVon 
account  of  the  beat*  liberating  thereat,  the  first  phase  conversion  etc  is  accelerated* 
This  explains  the  suiden  development  of  the  process  in  the  above  nentioned  range  of 
temperatures*  rrcliminary  low  tenperature  ozeldatlon  cf  uranium  dioxide  into  ^02*10  * 

^^,13  reduces  the  value  of  the  junp,  sizice  the  thermal  effect  of  traxisltion  ^92*10  • 

2  is  lower  than  the  thermal  effect  of  conversion  of  ^02*04 ""^^92*6^* 

llie  inhibiting  effect  of  a  KqCO^  addition  on  the  process  of  UC^  oxidation  at 
185®»  apparently,  can  be  explained  by  the  following*  At  such  a  low  temperature  is 
highly  improbable  the  iiigratioa  of  potassiuiii  ions  from  the  crystalline  lattice  of  car* 
bonate  into  the  uranium  oxide  lattice*  At  the  same  time  the  addition*  being  in  close 
contact  with  uranium  dioxide*  shields  a  part  of  its  surface  and  at  the  same  time  re* 
duces  the  area  for  oxygen  adsorption  from  the  gaseous  phase  thus  leading  to  a  reduction 
in  the  sui.'rmry  rate  of  the  oxidation  process* 

At  330®  the  accelerating  effect  of  adroixturos  of  alkali  matal  carbonates  appears 
in  these  stages,  where  cfinsiderable  readjustment  of  crystalline  lattice  takes  place* 

The  second  interesting  fact  is  thit  in  the  presence  of  carbonates  disappears  the 
induction  period  during  the  realization  of  the  phase  conversicn  ^^,26±0*05*->^^*6-XyQax* 
It  is  known[^5]  that  if  in  the  old  and  new  phases  there  a«e  no  convergent  areas  mtA 
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the  difference  in  parameters  is  s^^catt  the  new  phacc  cryctullizes  inue^icndcatly  ini 
does  not  reproduce  the  lattice  of  the  initial  substance#  The;  nost  difficult  uniHent 
in  this  case  is  the  furmatiou  of  nev  phase  nuclei*  ^mctly  such  a  picture  base  been 
observed  in  the  mentioned  i^haae  conversion*  Ihe  catalytic  effect  of  carbonates  is 
brou/^ht  down  to  tho  j.oint,  th:t  their  particles  appear -to  bo  crystallization  centers 
of  nev;  phase,  eliraiixatin^  the  induction  period# 

lossible  is  also  another  cause  of  the  catalytic  effect  of  carbonates*  At 
at  points  of  close  contact  of  is  not  excluded  the  possibility  of  pai'tlsl 

::d/;;ratioa  cf  motel  iens  froc  the  carbonate  lattice  into  the  o:dce  lattice,  esreclally 
since  in  the  process  of  o;:idation  is  created  a  inetal  d-jficiency  in  the  oc:ide  phase00^ 
Tnc  iTocence  of  foreir^i  ion  in  the  lattice  cf  th:  o:dde  causes  its  derormtion, 
appearance  of  these  or  oohai  types  of  distortions.  Hie  readjustraent  of  such  distorted 
sections  into  a  new  phase  is  realized  easier  and  faster, than  the  sections  with  nornal 
lattice# 

Tnc  inhibiting  effect  of  potassium  carbonate  after  preliininary  annealing  at  5OO® 
is  explained,  ap:>arently,  by  the  fact,  that  at  this  temperature  potassium  carbonate 
decomposes  with  femation  of  K2O  with  which  the  phase  phase  nuclei  origi¬ 

nating  in  the  process  of  o:>ddatlcn  enter  iatc  reaction  forming  potassium  diuraaate j2^. 
The  formation  of  potassium  diuranato  is  ixidicated  by  the  presence  of  dark-orange  ^aina 
in  the  final  green-black  reaction  product# 

When  evaluating  the  results  of  the  effect  of  additions  of  snail  sm.unta  of  foreign 
oxides  on  the  kinetics  of  uraniiam  dioxide  oxidation  it  is  necessary  first  of  all  to 
take  into  consideration,  that  binary  systecis, including  uranium  oxide,  are  character¬ 
ized  by  wide  zones  of  solid  solutioiis  ,  just  as  the  ureniuo-o&iyeea  '?ysten  in  itself* 

UO^  and  IhO^  adLdes  liave  a  face  centered  cubical  lattice  (structure  of  fluoride 
ccanpounda)  and  as  shown  in  report  they  can  form  with  each  other  e  continuous  series 
of  solid  soluticns  *  UO^  as  established  in  this  report,  below  1500f,  at  a 
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zircoaiua  dioxide  content  of  less  than  52X  (xaolar)  form  sdid  a?lutiona*  atanium  dl» 
oroide  does  not  form  with  uranium  ooddes  angr  solid  solutions  nor  ohenical  ocmpound8« 

The  catalytic  effect  of  ThC^,  2^0^  and  oocidee  is  particularly  noticeable  during 

the  :*  final  stages  of  addation  (see  beginning  with  phase  conrursion  ^0&,36±o»05 

^  there  is  a  substantial  readjustment  of  crystalline  lattice* 

Svideatly*  additions  of  maitioned  oeddes  facilitate  the  fonmtion  of  phase 

nuclei*  assuzaing  the  rcle  of  active  centers*  It  is  also  known*  that  oxides*  capable 

of  dissolving  a^y2en*  catalyze  the  reaction  of  axidation|3]^  *  Solubility  of  oxygen 

in  oxides  rises  in  tlie  Th02t  "^^9  ^92  series*  This*  most  likely,  explains  the  cstab* 

lished  by  us  specific  effect  of  additions  of  given  oxides*  The  inhibiting  effect  of 

thorium  dioxivle  curirig  the  first  stages  of  oxidation  after  preliminary  annealing  at  900® 

is  due  to  the  fact  triat  at  the  tiiae  of  annealing  UQ2  and  ThC2  foom  a  solid  soluticA* 

Addition  of  titaidun  di  xide  slows  derfx  in  these  conditions  the  process*  because  it 
sinteringf 

promotes  /"  ~\of  uranium  dioxide  ^2^  • 

Conclusions 

1*  The  oxidation  kinetics  of  uranium  dioxide  with  ahnospberic  oxygen  in  the 

range  of  from  165-^00^  and  air  pressures  of  2*5  ^  6OO  lei  llg*  has  been  investigated* 

The  values  of  apparent  activation  energy  of  the  process  was  calculated  at  various  sta¬ 
ges  of  oxidatian* 

2*  Investigated  were  the  kinetic  characteristics  of  UO^  oxidation  with  pure  oxygen 
at  a  range  of  fren  I25  to  33^^  ^02*  ™ 

t 

3*  Ihase  conversion  schemes  have  been  introduced  dizring  the  oxidation  of  uranium  | 

dioxide  at  various  temperature  ranges** 

4*  The  effect  of  additions  of  alkali  metal  carbonates  and  oxides  of  Th02*2^rC^*TL(^ 
on  the  kinetic  characteristics  of  UO^  Gxidation  process  with  air  has  been  investigated* 

An  explanation  of  thier  effects  is  given* 

Subedttedi  April  22*1961 
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